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Conducting polymers such as polyacetylene and polyparaphenylene have been shown to have
electrical conductivities which vary from the insulator to semiconductor and metallic
regimes upon doping with electron acceptor or donor molecules. Unfortunately, many
of these materials are plagued by undesirable properties such as oxidative instability
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attempted improvements of the physical properties and environmental stability of poly-
acetylene by blending with elastomers, preparing composites with polyethylene film,
and synthesizing block and graft copolymers. Some enhancements of the physical properties
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on the preparation of segmented block polymers prepared via a Wittig condensation
of conductive poly(p-phenylene pentadienylene) oligomers and linear alkanes. It is
felt that preparation of segmented block polymers will result in conductive materials
with good mechanical properties providing phase morphology and size can be controlled.
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WrMrG SYNIMESIS OF CONDUCTIVE SEGMENTED filzil groups would gllow us to prepare conductive materials with good to
BLOCK POLYMER COMPOSMTONS escellent mechanical properties. We will report on the synthesis and

characterization of segmented block polymers, structure; 2, prepared via a

PJ. Hans and B. Gordon III Wittig moute fromn oligorners of 1 and linear alkanes, as shown in Figure 2.

Depmennt of Materials Science and Engineering The results of NMR and IR spectral analysis will be preseted along with

Polymer Science Program room temperature dc. electrical conductivity data (as determined by direct

Th nnsylvnaState Univesity resistance and four probe measurements).
University Park, PA 16802r

haebe hw to h aelctilcoductivities which vary fromi the P 3 -C 4P 3 -- a hP H(H)C Ph
insulator to semiconductor and metallic: regimes upon doping with electron 1
acceptor or donor molecules, such as AsF5 and Na respectively. ThF

Unfortunately these materials; are plagued by undesirable properties; such as
oxidative instability (in tie ease of polysctylene) and intractability orF1
infusibility. Researchers have attempted improvements of the physical rC C =CH 1H J IC
properties and environmental stability of polyaceylvne by blending with H H
clastomers 1-.3. 13a. l3bj, preparing composites with polyethylene flim by [Hm
insit polymerizations 14,5. 13c). and synthesizing block 16,71 and graft
[1151 copolymers. Somec enhancements of the physical properties of the
materials (eg. mechanical behavior, solubility behavior) compared to
polyacetylene were generally observed. Electrical conductivities were iuc2
generally less than for pure polyacelylene although stretching blowd films Two comments can be made about this approach. Gourley et al.. 1141
was observed to enhance the conductivity, often by an order of magnitude studying poly(p-phenylene vinylce) oligonsers observed that the
over the unstresched film [l. l3a]. conductivites were not strongly affected by the degree or polymerization.

Work in our laboratory has focused on an alternate route to n-type *lhis suggests that long conjugated chains are not necessary for conduction.
electrically conductive polymers, namely by proton abstraction doping Galvin aid Wnek 14, 13cI observed an apparent percolation threshold of the
(PAD) 111,91. For exampie. it was shown 110,111 that Poly(p-phenylene electrical conductivity at approximately 3 weight % polyctylone in the
pontadienylene). 1, could be prepared via a Wittig synthesis as shown in polyethylene film comrposites. Attempts at dispersing polyacetylene powder

igure 1. in polyethylene films cast from solution did not yield high conductivities

(upon doping) even at loadinga as high as 40 weight % polyawcylene. Thlis

BrPh P.%^PPh Br _____PP_ P='Oo --~ was rationalized as, being due to a 'combination of particle size and
3 3 THF P 3 P- b.f~ 3 wettability effects* 113c]. Transmission electron microscopy data of a

composite sample indicated irregularly shaped dispersed phases of

polysaeylene (on the order of 600 - 2000A) In the polyethylene matrix. On

0 the other hand, the ilms loaded with powdered polyacetlenc were grossly
II 0 ainhonsogeneous on a macroscopic scale." 14) Bly varying the lengths, of the

H -a C1 7cnutnansotsgetwehptobabetcotothphs
~H C 00 CH mrhlg n hs iei h lc oyesotiigmcooaconductin an otsget e oet eal o oto h hs

TFm of poly(p-phenylcne pentadlienylene) dispersed in the alkane matrix,
± analogous to conventional segmented block polymer systems 1161.

Elgur . The doped form of 1, beingsa carbanion. is highly reactive towards
proton sources andf oxygen and therefore would not be stable in an air

I Icre the conjugated backbone is interrupted by an isolated sp3 hybridized environment. Current work in our laboratory is aimed at chemically

nicthylene moiety per repeal unit. This Should result in increased oxidasive stabilizing the delocalized carbanions 1121. The formation of segmental

stability of the undoped material as well as increasing the overall flexibility block polymers offers the possibility of physically stabilizing tie conductive

of the backbone. Subjecting I to base (n-ul) was shown to result in segments by surrounding them in a matrix of insulating segments in a

abstraction of a doubly allylie mecthylene proton resulting in a charge manner somewhat analogous to work performed with polyacctylcnc

delocalized system (carbanion) and observed conductivitles, on the order of 11.2.51.
10o. (Qriily. Fially, we will preseturoom temperature d.c. conductivity data on

While the inclusion of a methylen unit adds flexibility to the a series of low molecular weight delocalised castmankis of increasing length

undopecd material, doping to the carbianion form would result in SP2 of conjugation. Thesec ae shown in Figure 3 along with sonmc preliniinary
hybriization and hcm a stiffer chain. it was. therefore, fell that chain conductivity data for three of the anion measured by the direct resistance

exiending the conductive poly(poiphene pentadienylene) segments with method. The anions were prepared using (he Lochniann's base mixtlure

1171 (equimola amounts of potassium tert-butoxide and n-butyt tithiuni in



pentane) as the metlafing system It should be noted that the linear
hcpticnyl anion readily cyclizes to die cycloheptalflenyl anion [IS] abiove &.&bMom P. rpty SK;Gogr.1;Coea~PMcoo

-300C and therefore could no be measured. The salts were washed 1 uar A rpty .. oreJ;Coca . arm

fiorougjly with dry pentane dried under vacuum (< 0.0 1munHg) and the 19A3 16. 870
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